Study Design. A meta-analysis and systemic review. Objective. To pool scientifi c evidence for the optimum selection in the treatment of lumbar spondylolisthesis by comparing the clinical effect of posterolateral fusion (PLF), posterior lumbar interbody fusion (PLIF), and PLIF plus PLF. Summary of Background Data. Clinical effect of the 3 fusion techniques has been reported in many studies. However, which is the best method is in dispute. Methods. A systematic search was conducted in MEDLINE, EMBASE, and the Cochrane Collaboration Library from January 1950 through May 2013. Comparative studies were performed according to eligibility criteria. Weighted mean differences and risk differences were calculated for common outcomes. The fi nal strength of evidence was expressed as different level recommended by the Grading of Recommendations Assessment, Development, and Evaluation Working Group. Results. Four randomized controlled trials and 13 observational studies were eligible. PLIF was more effective than PLF in the improvement of clinical satisfaction (odds ratio [OR], 0.52; 95% confi dence interval (CI), 0.31-0.89; P = 0.02). No signifi cant differences in the primary outcomes were seen between PLIF plus PLF and PLF (OR, 0.88; 95% CI,; P = 0.69). For the complication rate, the differences were not signifi cant between PLIF and PLF, and between PLIF plus PLF and PLF (OR, 2.27; 95% CI, 0.95-5.42; P = 0.07; OR, 0.74; 95% CI, 0.22-2.44; P = 0.62, respectively). In the secondary outcomes, PLIF was more effective From the
. Flow chart of study selection process.
the Cochrane Collaboration Library, as well as Spine , European Spine Journal , and Journal of Bone and Joint Surgery from January 1990 through May 2013. Key words used in the search included spondylolisthesis, fusion, posterior interbody fusion, posterolateral fusion, circumferential fusion, randomized controlled trial, and comparative study. Gray literature, including books and conference articles, were collected and these studies were included if they met the study eligible criteria. No linguistic restriction was imposed on the search as recommended by the Cochrane Back Review Group editorial board. 7 Two investigators independently reviewed all subjects, abstracts, and full text of articles. The eligible trials were selected according to the inclusion criteria.
Study Eligibility Criteria
Studies were selected on the basis of the following criteria: (1) subjects were 18 years or older and received spinal fusion for lumbar spondylolisthesis; (2) the interventions were PLF, PLIF, or PLIF plus PLF; (3) the study reported at least 1 desirable outcome that means eligible and resultant variable; (4) all included patients were followed up for at least 1 year after surgery; and (5) the studies were excluded if more than 5% of patients had an acute spinal fracture, infection, revision, 8 tumor, rheumatoid arthritis, degenerative kyphosis, or more than 10º of degenerative lumbar scoliosis, and if patients received anterior interbody fusion or transforaminal lumbar interbody fusion.
Assessment of Risk of Bias
The checklist by Furlan et al 7 , 9 was used to evaluate the methodological quality of RCTs. Evaluation of nonrandomized controlled studies was performed with the checklist by Cowley. 10 The items were scored with "Yes," "No," or "Unsure." A Furlan score of 6 or more of 12, or a Cowley score of 9 or more of 17, was considered high methodological quality.
Data Collection
The data were independently extracted by 2 reviewers specialized in spinal diseases, and any disagreement was discussed and resolved by consensus. The data included the following items: participant characteristics, study characteristics, specifi c intervention, and outcomes. The desirable outcomes were classifi ed into primary outcomes and secondary outcomes according to the importance to clinical decision. The clinical satisfaction was considered as a primary benefi cial outcome. The assessment of clinical satisfaction was performed on the basis of Oswestry Disability Index scores, Prolo Economic and Functional scale, and subjective evaluation of patients. The complication rate was considered as a primary harmful outcome. Secondary outcomes included fusion rate, reoperation rate, and blood loss.
Data Analysis
A meta-analysis was performed on the extracted data with RevMan 5.0 software (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) using a random-effect model. For dichotomous variables, the odds ratio (OR) and 95% confi dence interval (CI) were calculated. For continuous variables, mean difference and 95% CI were calculated if outcome measurements in all studies were conducted on the same scale. Otherwise, standardized mean difference and 95% CI were calculated. The variability across studies was estimated with I 2 statistic, which is used to estimate the size of heterogeneity. A more than 50% of I 2 was considered to be substantial. The included studies were grouped based on different interventions (PLIF, PLF, and PLIF plus PLF). The PLIF procedure means posterior interbody fusion with pedicle screw fi xation. The PLIF plus PLF procedure is reached by posterior interbody fusion and PLF simultaneously. Comparison was performed between every 2 groups. The quality of the evidences for each outcome was evaluated using a rating system with 4 levels, according to the Grading of Recommendations Assessment, Development, and Evaluation Working Group. 7 The levels of evidence were determined in RCTs and observational studies. 
Study Description
In the selected 17 studies, internal fi xation was used and open procedures were performed in each group. PLIF and PLF were compared in 10 studies. In the other 7 studies, PLIF plus PLF was compared with PLF. No comparison between PLIF and PLIF plus PLF was performed. The average follow-up period was in the range from 1 to 6 years. Four of the included studies were RCTs. 27 , 29 , 30 , 35 In one comparative study, there was 1 patient younger than 18 years in each group. 31 One patient with traumatic spondylolisthesis was in PLF group in 1 RCT. 30 These studies were still selected because most participants were eligible despite possible small interference from these ineligible cases. Detailed information in study designs, characteristics of participants, follow-up, interventions, instruments, and outcomes are shown in Table 1 .
Risk of Bias
The Furlan scores in 4 RCTs was in the range from 5 to 9 of 12 ( Table 2 ) . Three RCTs were scored 6 or higher, suggesting overall low risk of bias. The most notable methodological shortcoming was uncertainty regarding blinded procedures. In 2 studies, there was a clear attempt at concealment of group allocation and method of randomization. 27 , 35 The Cowley scores in 13 comparative observational studies were in the range from 9 to 15 of 17 ( Table 3 ) . They were considered high methodological quality.
Meta-analysis
No signifi cant differences in demographics, symptoms, level and grade of slip, and preoperative distribution of lifestyle factors were found between the 2 groups in each included study. There were no signifi cant differences in preoperative baselines of back pain, leg pain, claudication, functional status, and lifestyle factors between the 2 groups. The similarity of preoperative factors was helpful to eliminate the inference of these potential confounding factors.
Primary Outcomes
There was moderate-quality evidence from 7 studies (415 patients) in which PLIF was more effective than PLF in clinical satisfaction (OR, 0.52; 95% CI, 0.31-0.89; P = 0.02; Figure 2 ). No signifi cant difference was seen between PLIF plus PLF and PLF (OR, 0.88; 95% CI, 0.47-1.64; P = 0.69; Figure 3 ). Satisfaction rate in PLIF, PLIF plus PLF, and PLF was 86.6%, 84.2%, and 79.8%, respectively. These results demonstrate that PLIF produces higher clinical satisfaction than other 2 procedures. Moderate-quality evidence from 6 studies (315 patients) showed that PLIF was more effective than PLF in the improvement of postoperative back pain (Weighted mean difference [WMD], 0.77; 95% CI, 0.49-1.04; P < 0.0001). However, the difference was not statistically signifi cant between PLIF plus PLF and PLF (WMD, 0.62; 95% CI, − 0.51 to 1.75; P = 0.28). Patients with PLIF showed the lowest score of back pain. More than 30% improvement in back pain scores were observed in 5 studies in which the size of the effect was considered to be clinically important. 38 It indicates that PLIF may be more helpful in alleviating back pain. Moderate-quality evidence from 7 studies (415 patients) revealed that no signifi cant difference existed between PLIF and PLF, and between PLIF plus PLF and PLF in the postoperative functional performance (WMD, 1.45; 95% CI, − 0.54 to 3.45; P = 0.15; WMD, − 2.58; 95% CI, − 9.85 to 4.68; P = 0.49; respectively). Heterogeneity analysis revealed that I 2 score was 40% and 69% in PLIF versus PLF and PLIF plus PLF versus PLF, respectively. Heterogeneity may result from different surgical procedures, measurements, and low methodological quality. Sensitivity analysis by removing observational studies showed similar outcome (WMD, 0.86; 95% CI, − 1.30 to 3.02; P = 0.44).
Copyright
There was moderate-quality evidence from 8 studies (495 patients) in which no signifi cant difference was found between PLIF and PLF in the complication rate (OR, 2.27; 95% CI, [0.95-5.42]; P = 0.07; Figure 4 ). Heterogeneity with I 2 of 58% resulted from different causes and surgical procedures. There was no signifi cant difference between PLIF plus PLF and PLF in the complication rate (OR, 0.74; 95% CI, [0.22-2.44]; P = 0.62; Figure 5 ). The complication rate in PLIF and PLIF plus PLF was 11.9% and 12.8%, respectively, lower than that in PLF, but no signifi cant difference was found between PLIF and PLIF plus PLF.
Secondary Outcomes
In the secondary outcomes, the fusion rate in PLF, PLIF, and PLIF plus PLF was 84.5%, 93.0%, and 93.5%, respectively. Moderate-quality evidence showed that PLIF was more effective than PLF in the improvement of fusion rate (OR, 0.34; 95% CI, [0.18-0.64]; P = 0.0007; Figure 6 ). There was lowquality evidence from 4 observational studies (368 patients) in which no signifi cant difference of complication rate was found between PLIF plus PLF and PLF (OR, 0.57; 95% CI, [0.23-1.41]; P = 0.23), although the former was nonsignificantly higher than the latter ( Figure 7 ) . Reoperation rate in the 3 fusion procedures was 9.5%, 4.0%, and 3.4%, respectively. Moderate-quality evidence showed that PLIF was more effective than PLF in the reduction of reoperation rate (OR, 4.59; 95% CI, [1.63-12 .94]; P = 0.004). However, low-quality evidence showed that no signifi cant difference was found between PLIF plus PLF and PLF (OR, 1.14; 95% CI, [0.46-2.82]; P = 0.78).
Low-quality evidence showed that no signifi cant difference existed between PLIF and PLF in the blood loss (WMD, Spine www.spinejournal.com 1895 80.86; 95% CI, − 306.07 to 467.80; P = 0.68). Very lowquality evidence revealed that blood loss was more in PLIF plus PLF than that in PLF (WMD, − 81.27; 95% CI, − 111.81 to − 50.74; P < 0.00001). More than 75% of I 2 score indicated considerable heterogeneity. Sensitivity analysis was not performed because only 2 studies were included.
DISCUSSION
In the past decades, many surgical procedures have been developed to treat lumbar diseases. PLF has been reported to be of low surgical risks and technical demands 39 and of benefi t in pain reduction and functional improvement in patients with spondylolisthesis.
11 , 40-42 However, PLF does not provide suffi cient anterior column support and leaves gap between discs, and thus may produce postoperative pain. The incompetence of the disc support and large gap between the fusion bases decrease fusion rate and increase implant-related complications, 25 , 43 which were documented in our analysis. Higher complication rate and lower fusion rate in PLF were observed in our study. PLIF, which was popularized by Cloward, 44 has been introduced to solve the disadvantages of PLF by replacing the disc with interbody grafts. Posterior interbody fusion with pedicle screw fi xation realizes the stabilization of 3 columns, signifi cantly increases stability and fusion rate and improves clinical satisfaction and postoperative function, which were shown in this analysis. Additional posterolateral bone graft is thought to further enhance fusion rate. The higher fusion rate further may decrease instrument-related complication rate and improve clinical satisfaction and function.
In the posterior interbody fusion procedure, the retraction of the nerve root and the thecal sac increased complication rate, including postoperative leg pain. 35 , 45 , 46 Two studies indicated that laminectomy and nerve root release increased complication rate, and decreased satisfaction rate. 22 , 24 The additional PLF is aimed to improve fusion rate and satisfaction rate. However, the added procedure prolongs operating time and increases blood loss. Furthermore, its recognized advantages failed to translate into supposed better clinical outcome. 45 , 47 , 48 In our analysis, the additional posterolateral bone graft did not improve satisfaction rate. The mild increase of fusion rate was not transformed into the corresponding improvement of clinical function and satisfaction. When PLF was performed, the broad dissection exceeding the facet joint may lead to postoperative pain in short period, which decreased the satisfaction. This may be why no signifi cant difference was found between PLIF plus PLF and PLF in clinical satisfaction during follow-up period. These results indicate that PLIF with pedicle screw fi xation may have better clinical satisfaction than PLIF plus PLF.
In this study, funnel plot was used to evaluate publication bias. No obvious publication bias was observed in satisfaction and complication rate (data not shown). The combination of RCTs and comparative observational studies is being commonly applied for the evaluation of surgical treatments. Well-designed observational studies are thought to be beneficial complement to the results of RCTs 49 , 50 because they dilute the selection bias of RCTs produced by the rigorous criteria in participant selection. In addition, all of the included studies attempted to balance the intervention groups for possibly important prognostic indicators, although some methodological limitation existed in some RCTs. We mainly obtained moderate-quality evidence involving the comparison between PLIF and PLF by comprehensively evaluating the levels of evidence. 51 We also obtained low-quality evidence for the comparison between PLIF plus PLF and PLIF. The random-effect model was used rather than fi xed-effect model because the former is considered to be more suitable for statistical combination of low back pain trials. 7 There were 5 studies in this analysis that contained mixed patients with degenerative or isthmic spondylolisthesis. Unfortunately, we failed to fi nd detailed information of each kind of patients. Thus, it is diffi cult to include the 5 studies in subgroup analysis according to different causes. Small number of included studies and patients with degenerative spondylolisthesis may decrease the strength and necessity of subgroup analysis according to different causes. Because of the infl uence of causes on treatment decision, confounding bias was introduced in this study.
This study has some limitations. According to our search results and inclusion criteria, 4 RCTs and 13 observational studies were included. The small quantity of RCTs and incomplete data may decrease the quality of evidence and strength of analysis. There was no a clear attempt in concealment of the group allocation and method of randomization in 2 RCTs. 29 , 30 Blinding of patients and surgeons is diffi cult to evaluate surgical effect in clinical trial. Inadequate blinding was reported to produce 15% overestimation of treatment effect. 52 In this analysis, most of the included studies contained less than 50 subjects in each group. Studies with small size of samples may increase heterogeneity and bias. In addition, there may be performance bias due to different causes, inconsistent criteria, and different surgical procedures. Therefore, the pooled data should be treated with caution. 53 Similar to the limited RCTs and observational studies, this study did not provide high-quality evidence for the preferred fusion method in the treatment of spondylolisthesis. More welldesigned RCTs are necessary to provide stronger evidence.
CONCLUSION
In this analysis, moderate-quality evidence from 4 RCTs and 6 observational studies showed that PLIF was more effective than PLF in the improvement of clinical satisfaction, postoperative back pain, fusion rate, complication rate, and reoperation rate. Low-quality evidence from 7 observational studies revealed that there were no signifi cant differences in the improvement of satisfaction, postoperative back pain, complication rate, and reoperation rate between PLIF plus PLF and PLF. These results suggest that PLIF produces better clinical outcome than PLIF plus PLF and PLF. However, conclusions should be treated with caution because of lack of high-quality evidence.
➢ Key Points
On the basis of 4 RCTs and 6 observational studies, it was found that moderate-quality evidence showed that PLIF was more eff ective than PLF for the improvement of the clinical satisfaction, postoperative back pain, and fusion rate and for the reduction of complication rate and reoperation rate. On the basis of 7 observational studies, it was found that low-quality evidence indicated that PLIF plus PLF was not more eff ective than PLF for the improvement of satisfaction and postoperative back pain and for the reduction of complication rate and reoperation rate. PLIF maybe be better than the other 2 fusion methods in the treatment of lumbar spondylolisthesis. However, conclusions need to be treated with caution because of lack of high quality of evidence.
